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THE VITAMIN, AMINO ACID AND GROWTH REQUIREMENTS
OF THE GENUS MICROSPORUM*
EUGENE S. BERESTON, M.D., M.Sc. (MED.)
The purpose of this study was to determine the vitamin, amino acid and
growth requirements of the genus microsporum.
Method
Description of organisms
Normal and unusual strains of the genus microsporum were employed. Four
strains of M. audouini were obtained, one being the reputed nicotinic acid de-
ficient strain of A. Cury of Brazil, the second was a strain isolated from a monkey
by Scully and Kligman; the third was a strain from Columbia University and
the fourth was from Dr. Lucille Georg's laboratory, U. S. P. H. S., Chamblee, Ga.
Four strains of M. canis were obtained, three from Columbia University and
one from Dr. Georg's laboratory. One of the canis strains was unable to produce
pigment. Three normal strains of M. gypseum were utilized, two from Columbia
University and one from Dr. Georg's laboratory. On Sabouraud's media all
organisms were normal grossly except for absence of pigment in one M. canis
strain. Pleomorphism was observed in the Cury and monkey audouini strains
and in two of the canis strains one of which was the non-pigment forming strain.
Microscopically all findings were normal except that the monkey strain of M.
audouini formed macroconidia readily.
Vitamin Requirements
A basal media was employed with three separate nitrogen sources, (1) purified aspara-
gine, or (2) ammonium nitrate, or (3) casein hydrolysate (neutralized and vitamin free).
The formula was as follows:
Dextrose 30 gr.—neutralized
(A) Asparagine 2 gr._purified*
(B) NIL NO 2 gr.
or
(C) Casein hydrolysate (20 c.c. 10% Sol.)
KH2PO4 1.5 gr.
MgSO4•7 H20 0.5 gr.
Agar 18. gr.—purified
Distilled water qs 1000. cc.
* From the Fungus Laboratory, Biological Division and the Dermatology Division,
Department of Medicine, Johns Hopkins Hospital, Baltimore, Maryland.
This paper represents a portion of the material which will be included in a thesis to
be presented to the Graduate School of Medicine of the University of Pennsylvania in
partial fulfillment of the requirements for the degree of Doctor of Medical Science (D. Sc.
(Med.)) for graduate work in Dermatology.
This investigation was supported in part by the Medical Research and Development
Board, Office of the Surgeon General, Department of the Army, under Contract No. DA-
49-007-MD-153.
Read before the Thirteeth Annual Meeting of the Society of Investigative Dermatology
mc, Chicago., Illinois June 8, 1952.
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To 1000 cc. was added 0.1 cc. of the following sterile solution:
112B01 5.7mgr.
CuSO4•5 1120 18.6 mgr.
Fe(N114(S04) 6 1120 173. mgr.
MnSO44 1120 8.1 mgr.
(N114)sMo0.4 1120 3.6 mgr.
ZnS047 1120 79.0 mgr.
Distilled water 100.0 cc.
Ph 5.5 was obtained by adding NaOH 2 N
Each vitamin was added singly or in combination in micrograms per liter of medium as
follows: thiamine, pyridoxine, nicotinic acid, caic. pantothenate, riboflavin, folic acid and
B,2 each 400, biotin 4.0, and inositol 20,000.
The agar was purified by the aqueous pyridine extraction of Robbins and Ma. (4) The
vitamins were added singly and in combination to the sterilized and cooled agar.
Asparagine was purified by recrystallizing three times from alcohol (Dr. Lucille Georg's
method.) (6b)
Sabouraud's dextrose agar controls were used throughout the study. Macroscopic read-
ings were made at one week, two weeks, four weeks, eight weeks, and ten weeks. Micro-
scopic observations were made at one week, two weeks, and eight weeks.
TABLE 2
M. audouini
ORGANISM 1 2 3 4 5 6 7
Cury 4+ 4+ 2+ 1+ 1+ 0 0
2052 4+ 4+ 2+ 1+ 1+ 0 0
Greenridge 4+ 4+ 2+ 1+ 0 0 0
Monkey 4+ 4+ 4+ 3+ 3+ 3+ 3+
Thiamine deficient media, subcultures every two weeks for seven times. Casein hydrol-
ysate nitrogen source (with ammonium nitrate or asparagine no deficiency noted for
thiamine). Subcultures two weeks apart for six times. Unwashed cultures.
Results of vitamin studies
None of the strains of M. canis and M. gypseum required an added source of
vitamins for normal growth with the three different nitrogen sources alone.
With asparagine or ammonium nitrate as nitrogen sources, all the strains of
M. audouini were autotrophic for vitamins. When casein hydrolysate was the
nitrogen source, three of the 4 strains of M. audouini exhibited a deficiency for
thiamine (Tables 1, 2, 3). In order to demonstrate this however, it was necessary
to subculture the organism repeatedly on thiamine deficient media. This indicated
that some thiamine was being carried over with the transfer of the inoculum.
Even when the mycelium was freed of agar and washed repeatedly in water,
sufficient thiamine was carried over to permit growth in the original transfer
but not after 5-6 subcultures just as with the unwashed mycelium. This experi-
ence made it necessary to do repeated subcultures with each of the vitamin de-
ficient media before conclusion regarding the autotrophism of a particular vita-
min could be drawn. The oniy strain of M. audouini which showed no deficiency
for thiamine was the isolate from the monkey, a strain which was peculiar in
other characteristics as well. In all these experiments the macroscopic and
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TABLE 3
Minus thiamine
ORGAN1Se
Audouini
Cury
2052
Greenridge
Monkey
1
3+
4+
4+
4+
2
4+
4+
3+
4+
3
3+
3+
2+
4+
4
2+
2+
4+
5
1+
1+
0
4+
6
0
0
0
4+
7
0
0
0
4+
Canie
136
130
2149
134
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
Gypseum
100
99
A207
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
Repeated subcultures 2 weeks apart on thiamine deficient media. Cultures washed and
centrifuged 6 times. Repeated 5 successive times with same results. Nitrogen source—
Casein hydrolysate. With asparagine and ammonium nitrate nitrogen sources, no thiamine
deficiency noted.
TABLE 4
Titration of growth inhibiting action of Neopyrithiamine on the microsporum.8 reversible by
addition of thiamine
MTCZOORAMS/cC AUDOUINI CANIS GYPSEUM
Neopyrithiamine Cury 2052 136 130 2149 134 100 99 A207
1. Control
(Sabouraud's)
2. 10
3. 5
4. 3
5. 2
6. 1
7. 0.5
8.0.29. 2
10. 2
11. 2
12. 2
13. 2
0.5
0.3
0.1
0.03
0.01
4+
4+
4+
4+
2+
1+
4+
±
±
±
±
±
±
±
4+
4+
4+
2+
1+
4+
±
±
±
±
±
±
4+
4+
4+
2+
1+
4+
3+
3+
4+
3+
3+
4+
4+
4+
4+
4+
4+
4+
4+
2+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
3+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
2+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
3+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
Readings at four weeks Washed cultures utilized. Nitrogen source Casein hydrolysate.
Same results obtained with asparagine.
microscopic findings were characteristic for the particular organisms. The forma-
tion of macroconidia of M. audouini were not stimulated by any combination
of vitamins.
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The deficiency of M. audouini for thiamine supports the interesting work of
Ulirich and Fitzpatrick (1). These workers showed that neopyrithiamine and
thiamine are antagonists and the former inhibited the growth of M. audouini in
solid dextrose agar and Sabouraud's medium and to a lesser degree on liquid
medium. This effect was overcome when thiamine was added. The work of Ulirich
and Fitzpatrick (1) was repeated in the form of a titration with varying amounts
of neopyrithiamine* and thiamine using thiamine deficient solid media with two
separate nitrogen sources, casein hydrolysate and asparagine (Table 4). Neo-
pyrithiamine in small quantities completely inhibited the growth of all strains
of M. audouini except the monkey strain. The inhibitory effect was reversed by
the addition of thiamine. Neopyrithiamine failed to inhibit the growth of any
of the M. canis and M. gypseum strains.
DISCUSSION
Partial thiamine deficiency has been found for T. discoides (2), T. mentagro-
phytes (3), T. &hoenleini (4), and T. violaceum (5) (6). Complete thiamine
deficiency has been reported for T. faviforme (7). Riboflavin has been shown to
stimulate T. mentagrophytes (3). Pyridoxine is required by T. Schoenleini (2)
and a variable biotin deficiency exists for this organism. Yeast extract was
found to be vital for T. violaceum in synthetic media (8). Inositol was necessary
f or some strains of T. faviforme (7). A nicotinic acid deficiency with a strain of
M. a'udouini has been demonstrated by Leao and Cury (9). Inhibition of growth
of M. audouini by a thiamine antagonist neopyrithiamine and reversal of this
by thiamine has been obtained by Ulirich and Fitzpatrick (1) which points to
a requirement of thiamine by M. audouini. Walter (10) has found a dysgonic
form of M. a'udouini which could not synthesize essential vitamins. Thiamine or
pyridoxine converted it to the normal form. To this list of deficient organisms,
Microsporum audouini must be reported as partially deficient for thiamine.
NITROGEN REQTJIREMENTS AND GROWTH STIMULATION
Two inorganic sources of nitrogen, NH4NO, and (Nth)2So4 were used. For all the other
experiments twenty one amino acids singly or in combination as well as a mixture of amino
acids derived from casein hydrolysate were used.
When all twenty one amino acids were used 3i of 1.4 grams/liter of each was added
to the medium. The twenty-one amino acids and other nitrogen sources were all made up
in aqueous solution and Seitz filtered. 1.4 grams per liter of each nitrogen compound was
used in all of these studies, and full complement of the vitamins listed above was present
in the medium. Controls were the same as previously for the vitamin studies.
RESULTS
Observations were made as previously. Most of the amino acids as well as
NH4NO3 and (N114)So4 served as adequate nitrogen sources (Table 5). A few
permitted only moderate or poor growth. Hydroxyproline alone was not able to
support the growth of any of these species of microsporum. This acid has pre-
viously been shown to exert an inhibiting action on M. gypseum (11) and on
other fungi (12).
* Neopyrithiamine obtained from Merck and Company.
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TABLE 5
Essentiality of amino acids
GOOD GROWTH ALL SPECIES MODERATE GROWTH ALL SPECIES
1. Sabouraud's control
2. Histidine
3. Arginine
4. Glycine
5. Lysine
6. Valine
7. Cystine
8. Aspartic acid
9. Animonium Sulfate
10. Ammoniuin Nitrate
11. Casein hydrolysate
12. Asparagine
GOOD GROWTH CANIS AND GYPSEIIM STRAINS ONLi
POOR FOR H. AUDOUINI STRAINS.
1. Serine
2. Phenylalanine
1. Tryptophane
2. Proline
3. Leucine
4. Beta alanine
5. Methionine (slow initial growth)
POOR 0ROWTR ALL SPECIES
1.
2.
3.
4.
5.
Tyrosine
Alpha alanine
Glutamine
Cysteine
Threonine
NO GROWTH
1. Hydroxyproline
TABLE 6
1.4 gms. Hydrozyproline, asparagine O.3 gins
ORGANISM
WEEK
1 2
2
WEEKS
1 2
4
WEEKS
112
6
WEEKS
1 2
8
WEEKS
1 2
10
WEEKS
1_L_
MICROSCOPIC
Audouini
Cury
2052
Greenridge...,
Monkey
1+
1+
1+
1+
1+
1+
2+
1+
2+
2+
2+
2+
1+
2+
2+
2+
2+
2+
2+
2+
2+
3+
3+
3+
1+
3+
3+
3+
3+
4+
4+
4+
2+
4+
4+
4+
4+
4+
4+
4+
3+
4+
4+
4+
Hyphae and spores
"
"
"
Canis
136
130
2149
134
1+
2+
2+
1+
1+
1+
2+
2+
3+
3+
3+
2+
2+
3+
1+
4+
4+
4+
4+
4+
4+
4+
2+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
4+
Fuseaux, hyphae & spores
"
"
"
Gypseum
100
99
A207
1+2+2+3+
2+1+3+'2+
1+11+I3+2+
3+
4+
4+
4+
3+
3+
4+4+
4+3+
4+3+
4+
4+
4+
4+4+
4+4+
4+4+
4+
4+
4+
"
"
"
Aspargine overcoming Inhibition of hydroxyproline
In the presence of small amounts, 0.1 to 0.5 grams/liter, of proline, casein
hydrolysate or asparagine, the inhibitory action of hydroxyproline 1.4 grams/liter
was overcome for all species of microsporum. See Table 6 for this type of re-
sponse. With these same substances employed separately in concentrationof 1.4
grams/liter of media as nitrogen sources hydroxyproline inhibited growth par-
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tially with all strains of fungi studied when its concentration became more than
two grams/liter, until at four grams or more per liter growth of all strains ceased.
Utilizing hydroxyproline 1.4 grams/liter, 0.7 grams/liter and 0.3 grams/liter of
media, none of the so called growth stimulators (yeast extract, liver extract,
peptone, tryptone, nucleic acid, xanthine, guanine, or adenylic acid) were able,
in concentrations of 1 gamma or 5 gamma or 25 gamma/liter, to overcome the
inhibiting action of hydroxyproline.
There is thus some evidence that proline and hydroxyproline are metabolic
antagonists. The macroscopic and microscopic findings were by and large not
worthy of note with any of the amino acids.
These same growth stimulators in the same concentrations did not change the
growth of any of the species of microsporum with the three types of nitrogen
sources employed. Efforts to stimulate growth with the growth stimulants of all
strains of microsporum on media with known poor nitrogen sources, as previously
determined with amino acids such as threonine, tyrosine, cystine, glutamine or
alpha alanine, ended in failure.
DISCUSSION
(1) Nitrogen requirements
The protein or nitrogen requirements have not been previously investigated
for the microsporum group of fungi except for M. gypseum. Johnson and Grimm
(13) found that M. gypseum grew without minerals, and apparently did not re-
quire vitamins. Aspartic acid, methionine and glutamic acid allowed only poor
growth. Hydroxyproline inhibited growth of M. gypseum. This amino acid is
inhibitory for other pathogenic fungi (11, 12). Proline is a metabolic antagonist
of hydroxyproline. Leucine, phenylalanine, proline, tryptophane, tyrosine, valine
and cystine were essential for normal initial growth of M. gypseum while lysine,
serine, and hydroxyproline were non-essential. Methionine, alanine, arginine,
aspartic acid, isoleucine, histidine, threonine, glutamic acid and glycine were
essential for growth.
M. audouini is reported to produce feeble, submerged mycelium on rice in-
fusion agar (14). Addition of glucose and asparagine, combined or separately
increased mycelial development with formation of aerial hyphae. Additional
yeast extract promoted to a marked degree the vegetative growth of the fungus.
(2) Growth stimulants
Conant (15) in his study of the genus microsporum discovered that species of
animal origin grew profusely on polished rice grains and produced macroconidia
in abundance. M. audouini, however, grew poorly. Benedek (16) accidentally
found that a culture of M. audouini contaminated with Bacillus Weidmaniensis
was able to grow well on polished rice and produced macroconidia. Hazen (14)
found that yeast extract stimulated the production of macroconidia.
The stimulation of growth and spore production on natural media indicates
that these media are rich in growth factors, vitamins and amino acids. Some
dermatophyte fungi have deficiencies for certain vitamins and amino acids.
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Peptones, liver and yeast extracts may affect their growth. Nutritional studies
of bacteria revealed that certain bacteria are stimulated (17—20) by or require
yeast extract, liver extract, nucleic acid or the purine bases, adenine, guanine, or
xanthine for good growth. Some fungi are stimulated by yeast extract because
of its thiamine content (21). The microsporum germs were not influenced by
peptone, liver, yeast extract or the purine bases.
SUMMARY AND CONCLUSIONS
For the first time the vitamin requirements of the genus microsporum have
been determined.
M. audouini has a deficiency for thiamine when casein hydrolysate is the nitro-
gen source. This is observable only when repeated transfers on thiamine deficient
media are made. The available supply of thiamine is eventually exhausted in
this way. It would appear that this organism requires only minute quantities of
thiamine for growth. With the other nitrogen sources tested, apparently adequate
synthesis of thiamine is possible. As reported by Ulirich and Fitzpatrick, neo-
pyrithiamine is a thiamine antagonist and prevents the growth of M. audouini
by making thiamine unavailable. M. audouini is autotrophic for all other vitamins
investigated. The strain of M. audouini isolated from a monkey does not conform
to the findings of the rest of the audouini strains studied, and has many features
of M. cans including a tendency to form macroconidia readily.
There was no evidence that any of the strains of the three species of micro-
sporum required nicotinic acid. Cury's results were not substantiated even with
his own strain of M. audouini.
The amino acid requirements of M. canis and M. audouini were investigated
for the first time and reevaluated for M. gypseum, Johnson and Grimm having
evaluated M. gypseum already. Certain amino acids were found to support growth
best for all of these species and others gave best growth for specific strains. Some
amino acids were moderate growth supporters and others poor growth supporters.
Hydroxyproline was found to be a growth inhibitor for all the species of micro-
sporum. (See Table 5.) This agrees with the findings of previous workers. This
inhibiting action could be overcome by proline as well as asparagine and casein
hydrolysate. The eight growth stimulators investigated were unable to overcome
the inhibiting action of hydroxyproline in the amounts employed for this study.
Various substances having a growth stimulating effect on certain microorgan-
isms, were unable to change the growth characteristics of any of the strains of
microsporum studied with any of the nitrogen sources employed in this study.
This work was made possible through the generous assistance, advice and
cooperation of Dr. A. M. Kligman, Dept. of Dermatology, University of Pennsyl-
vania.
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DISCUSSION
Dn. STEPHEN ROTHMAN, Chicago, Ill.: Dr. Bereston's beautiful work again
indicates that M. audouini is particularly sensitive to fatty acids. Obviously
this is the reason why the adult scalp is immune to M. audouini but not to other
fungous infections. The fact that the fungistatic hydroxypro]ine is not present
in keratins may be the explanation for the natural habitat of dermatophytes
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being keratinized material exclusively. I wonder if Dr. Bereston ever tried
vitamin Bi-antagonists in therapy.
DR. EUGENE S. BERESTON, Baltimore, Md. (in closing): From my experiments
it seems that wherever hydroxyproline is present, it tends to inhibit growth
activity and if it is present in large enough amounts, it causes the organism to
die out completely. With all 21 amino acids growth was not as good as with
some of the single amino acids. I also found that wherever hydroxyproline
is present, less and poorer growth occurred. That is an important finding.
As for the therapeutic application of thiamine deficiency, such as that of
Microsporum audouini, I have not devised any method to make practical use
of this finding. I hope someone can in the future.
